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BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

The present invention relates to circuit and method for 
writing to a memory disk, and particularly to a circuit and 
method for differentially driving the write head of a disk drive 
device . 



10 



Background of the Invention 

Most computer systems include one or more associated disk 
drives, which may be built into or external to the computer 
system. Typically, disk drives have at least one rotating 
magnetic medium and associated head mechanisms that are carried 
adjacent the magnetic material. The heads are radially 
positionable to selectively write information to, or read 
15 information from, precise positions on the disk medium. Such 
disk drives may be, for example, hard disk drives, floppy 
drives, or the like. 

Data is written to the associated data disk by applying a 
series of signals to a write head according to the digital 
information to be stored on the magnetic disk media. The write 
head has a coil and one or more associated pole pieces that are 
located in close proximity to the disk media. As signals cause 
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the magnetic flux to change in the head, the magnetic domains of 
the magnetic media of the disk are aligned in predetermined 
directions for subsequent read operations. Typically, a small 
space of unaligned magnetic media separates each magnetic domain 
5 transition to enable successive transitions on the magnetic 
media to be distinguished from each other. 

Since the disk is moving relative to the head, it can be 
seen that if the small space separating the magnetic domain 
transitions is not sufficiently wide, difficulty may be 
10 encountered in distinguishing successive magnetic transitions. 
This may result in errors in reading the data contained on the 
disk, which is, of course, undesirable. 

Meanwhile, as computers are becoming faster, it is becoming 
increasingly important to increase the speed at which data can 
15 be written to and read from the disk media. However, since the 
data signals are in the form of square wave transitions, if the 
rise time of the leading edges of the square waves is large, the 
small space between magnetic media transitions also becomes 
large, which reduces the effective rate at which data can be 
accurately written and read. Since the write head assembly 
includes at least one coil, forcing the current to rise rapidly, 
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or to reverse flux directions within the write head is 
difficult . 

In the past, data writing circuits and/or write drive 
circuits used to supply such write signals to the heads included 
preamplifier circuits to drive the current through selected legs 
of an "H-bridge" circuit, which is capable of allowing 
relatively fast current reversals for accurate data 
reproduction. 

An example of a typical H-bridge write head drive circuit 
10 , according to the prior art, is shown in Figure 1. The 
circuit 10 includes four MOS transistors, 12-15 connected 
between a high reference voltage V cc and a low reference voltage 
Vss. A coil 19, used, for example, to supply data pulses for 
writing to a disk drive media is integrated into the write head 
mechanism. The coil 19 is connected between the center legs of 
the H-bridge, as shown. 

It can been seen that, depending on the gate biases applied 
to the respective transistors 12-15, the current flows through 
the coil 19 in one direction or another. That is, one current 
flow path includes the transistor 14, coil 19 from right to 
left, and transistor 13. The other current flow path includes 
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transistor 12, the coil 19 from left to right, and the 
transistor 15. 

In the H-bridge circuit 10, the transistor 12 and 14 serve 
as switching transistors, which are controlled by the out -of - 
5 phase signals on a pair of respective input lines 28 and 29. 
The transistors 13 and 15 serve as current controlling 
transistors, which are controlled by the out-of -phase signals on 
the respective input lines 29 and 28 in a manner opposite from 
the connections to the switching transistors 12 and 14, via 
respective control transistors 31 and 32 . The magnitude of the 
current through the transistors 13 and 15 is controlled by a 
transistor 21, with which the transistors 13 and 15 form 
respective current mirrors, when connected via respective 
transmission gates 24 and 25. The transmission gates 24 and 25 
15 are controlled by the signals on the respective input lines 29 
and 28, in the same manner as the associated transistors 31 and 
32. A reference current source 26 supplies the reference 
current to the transistor 21, which is mirrored by currents in 
respective transistors 13 and 15, as described above. In 
conventional driver circuits for controlling the write head of 
a disk drive, the steady state voltage levels to which the two 
terminals of write head 19 settle are both typically near either 
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the high reference voltage level Vdd or the low reference 
voltage level Vss. 

One problem encountered in disk drives employing existing 
drive circuitry for the write head coil 19 is that the wires or 
5 lines connecting the write head coil 19 to the write drive 
circuitry are located proximally to the wires or lines 
connecting the read head to the read channel circuitry (not 
shown in Figure 1) . The close proximity between the wires 
capacitively couples the wires together. As a result, voltage 
spikes or other voltage transitions appearing on the lines 
connected to write head coil 19 may have a greater tendency to 
appear as noise on the lines connected to the read head of the 
disk drive and potentially damage the read head as a result. 
Because of the inductive nature of the write head coil 19 
15 and because conventional steady state voltage levels for the 
write head terminals are approximately near the high reference 
voltage level Vcc, a relatively sizeable voltage spike typically 
may be generated on a terminal of write head 19 (the terminal of 
write head 19 having a voltage signal experiencing a falling 
transition) during the time that the current passing through 
write head 19 transitions from one direction to another. In 
other words, a relatively sizeable voltage spike appears on a 
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terminal of the write head when the write head transitions 
between steady states. As can be seen, this relatively sizeable 
voltage spike may be capacitively coupled to the lines 
associated with the read head of the disk drive and thereby 
5 damage the read head. 

As data rates increase, the rates at which the heads can 
accurately write the data to the magnetic media is limited by 
the speed at which the flux in the coil 19 (and its associated 
components) can be reversed. Relatedly, the amplitude of 

0 voltage spikes appearing on a write head terminal (and noise 
appearing on the corresponding read head terminals) is based in 
part upon the rate of flux reversal. The maximum data rate is 
thus limited to the maximum physical flux reversal rate of the 
write head drive circuitry and the maximum allowable noise that 

5 may be tolerated at the read head during the period of flux 
reversal . 

What is needed, therefore, is a method and circuit for 
driving an inductive load of the type used in conjunction with 
a write head of a disk drive with a signal that enables a 
0 maximum flux reversal rate in the driver coil in an absence of 
an appreciable amount of noise on lines capacitively coupled to 
the inductive load. 
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SUMMARY OF THE INVENTION 

Embodiments of the present invention overcome shortcomings 
in prior write head drive circuitry and satisfy a significant 
need for a write head circuit and method that effectively drives 
the write head of a memory disk device so that the write head 
transitions between steady state conditions relatively rapidly 
with relatively little noise levels appearing at the read head 
of the memory disk device. Embodiments of the present invention 
generally provide drive voltage signals to the write head that 
have no common mode voltage levels during transitions between 
steady state current levels in the write head. In other words, 
the drive voltage signals applied to the write head are 
substantially entirely differential during write head current 
transitions . 

In an exemplary embodiment of the present invention, a 
driver circuit includes switching circuitry connected between 
the terminals of the write head and reference voltage supplies, 
such as positive and negative voltage supplies. The driver 
circuit further includes timing circuitry that generates control 
signals for controlling the switching circuitry. During the 
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time the current flowing through the write head changes 
direction or otherwise transitions between steady state current 
levels, the timing circuitry controls the switching circuitry so 
that in a first time period, a first terminal of the write head 
5 is driven to a first voltage level and a second terminal of the 
write head is driven to a second voltage level. In a second 
time period following the first time period, the first terminal 
is driven to a third voltage level and the second terminal is 
driven to the fourth voltage level. The first, second, third 
and fourth voltage levels form drive signals for the write head 
having no common mode voltage. For example, the first and 
fourth voltage levels may be at the level of the negative supply 
voltage, and the second and third voltage levels may be at the 
level of the positive supply voltage . Alternatively, the third 
15 and fourth voltage levels may be approximately zero volts. 

A method of driving a write head, in accordance with an 
exemplary embodiment of the present invention, includes sourcing 
a first steady state current level to the first terminal of the 
head and sinking the first steady state current level from the 
2 0 second terminal of the head. Next, the method includes driving, 
during a first time period, the first terminal of the head to a 
first voltage level and driving the second terminal to a second 
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voltage level so as to reverse the direction of current flow in 
the head. Following the first time period, the first terminal 
is driven during a second time period to a third voltage level 
and the second terminal is driven to a fourth voltage level. 
5 The first, second, third and fourth voltage levels form drive 
signals for the head having approximately zero common mode 
voltage. Thereafter, a first steady state current level is sunk 
from the first terminal and the first steady state current level 
is sourced to the second terminal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the system and method of 
the present invention may be obtained by reference to the 
following Detailed Description when taken in conjunction with 
15 the accompanying Drawings wherein: 

Figure 1 illustrates a schematic diagram of a conventional 
H-bridge driver circuit for a write head of a disk storage 
device, as described above; 

Figure 2 illustrates a function block diagram of a system 
20 including a disk drive device according to an embodiment of the 
present invention; 
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Figure 3 illustrates a schematic diagram of a driver 
circuit for a write head of the disk drive device of Figure 2; 

Figure 4 is a schematic diagram of a portion of the driver 
circuit of Figure 3; 

5 Figure 5 is a timing diagram illustrating an operation of 

the write head driver circuit of Figure 3; and 

Figures 6-9 are circuit diagrams of the driver circuit of 
Figure 3 with activated current paths highlighted therein. 

10 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings in which 
exemplary embodiments of the invention are shown. 

Referring to Figure 2, there is shown a block diagram of a 
15 data storage, information processing and/or computer system 1 
including a disk drive 4 0 in accordance with the present 
invention. Disk drive 40 includes a storage medium in the form 
of one of more disks 41, each of which may contain data on both 
sides of the disk. Data is written to disks 41 using one or 
more write heads 42, and read therefrom by one or more read 
heads 43. Each write head 42 and read head 43 is connected to 
an arm 44 and is positionally controlled by a voice-coil motor 
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("VCM") 45 and a position system 46. The position system 46, 
through VCM 45, positionally maintains and/or moves write head 
42 and read head 43 radially over the desired data on disks 41. 
A read channel 4 8 converts an analog read signal from read head 
5 43 into digital form. A write channel 49 provides data in 
analog form to write head 42 for storing on a disk 41. A pre- 
amplifier 50 suitably conditions data read from and data to be 
written to disk 41. Channel controller 51 recognizes and 
organizes the digital data from the read channel 48 and digital 
data to be sent to write channel 4 9 into bytes of data. An 
interface adapter 52 provides an interface between channel 
controller 11 and a system bus 53 that may be particular to the 
host (data storage, information processing and/or computer) 
system 1. The host system 1 will also typically have other 
15 devices that communicate on system bus 53, including a central 
processing unit ("CPU") 54 and volatile memory 55. A spindle 
motor ("SPM") 56 and SPM control circuit 57 rotate disk 41 and 
maintain disk 41 at the proper speed for performing a memory 
access operation (read or write operation) . The SPM control 
circuit 57 may communicate with interface adapter 52 or 
controller 51, as shown in Figure 2 . It is understood that disk 
drive 40 may be divided into and/or include other function 
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blocks from those shown in Figure 2, and that the particular 
function block implementations illustrated in Figure 2 are 
presented as an exemplary embodiment of the present invention. 
Referring to Figure 3, there is shown a driver circuit 100 
5 for driving the write head 42 of a magnetic disk storage device. 
Driver circuit 100 is implemented as an H-bridge circuit wherein 
current is provided to write head 42 through selected legs of 
driver circuit 100 for writing data onto an associated magnetic 
storage disk. Driver circuit 100 is located within preamplifier 

10 block 50. 

In general terms, driver circuit 100 applies drive signals 
to write head 42 so that the amount of time for transitioning 
current in write head 42 is substantially reduced without 
introducing noise levels elsewhere in disk drive 42, including 

15 noise on read head 43 due to parasitic coupling capacitors that 
may exist between write head 42 and read head 43. The drive 
signals applied to write head 42 have little if any common mode 
voltage during current transitions between steady state current 
levels of the write head current. 

20 In accordance with an exemplary embodiment of the present 

invention, driver circuit 100 includes a plurality of current 
sources for providing steady state current levels to write head 
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42. A current source 102 is connected between a positive 
voltage supply Vcc and a first terminal 42a of write head 42 , 
and a current source 104 is connected between first write head 
terminal 42a and a negative voltage supply Vee . Similarly, 
5 current source 106 is connected between positive voltage supply 
Vcc and a second terminal 42b of write head 42, and a current 
source 108 is connected between write head terminal 42b and the 
negative voltage supply Vee. Current sources 102 and 108 are 
connected to write head 42 to source a steady state current to 

10 and sink the steady state current from write head 42, 
respectively, in a first steady state condition. In addition, 
current sources 106 and 104 are connected to write head 42 to 
source a steady state current to and sink the steady state 
current from write head 42, respectively, in a second steady 

15 state condition. 

Current sources 102, 104, 106 and 108 are selectively 
enabled to source/sink current. When enabled, each current 
source 102, 104, 106 and 108 allows a current to pass 
therethrough. Figure 3 illustrates each current source 102, 

2 0 104, 106 and 108 having an enable input connected to a control 
signal, the generation of which is described below. When the 
enable signal is asserted (i.e., driven to a voltage 



Dallas2 842060 v 1, 28940 00001 



14 



• 



*5 10 

SI 



Patent Application 
Docket No. Ol-S-143 



corresponding to a logic one) , current flows through the current 
source. Figure 4 illustrates a portion of driver circuit 100 7 
and particularly an implementation of current sources 102, 104, 
106 and 108 according to an exemplary embodiment of the present 
5 invention. Current sources 102 and 104 include a primary 
transistor 140 and control transistors 141 and 142 which are 
selectively activated to turn primary transistor 140 on and off. 
Only one control transistor 141, 142 is activated at a time, and 
one of control transistors 141 and 142 is activated when driver 
circuit 100 is operating. As a result, the signal driving the 
gate terminal of transistor 141 is the logical complement of the 
signal driving the gate terminal of transistor 142. In this 
case, signal pyO is the logical complement of signal pxO, as 
described below. As can be seen, when control signal pxO (pyO) 
15 is asserted, reference voltage Vrefp is connected to the gate 
terminal of primary transistor 140 of current source 102 (106) , 
which turns on primary transistor 14 0 so as to conduct current. 
When control signal pxO (pyO) is de-asserted, positive voltage 
supply Vcc is connected to the gate terminal of primary 
transistor 140 of current source 102 (106), which turns off 
primary transistor 140 so that no current flows. 
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Current sources 104 and 108 include a primary transistor 
150 and control transistors 151 and 152 which are selectively 
activated to turn primary transistor 150 on and off. Only one 
control transistor 151, 152 is activated at a time, and one of 
5 control transistors 151 and 152 is activated when driver circuit 
100 is operating. As a result, the signal driving the gate 
terminal of transistor 151 is the logical complement of the 
signal driving the gate terminal of transistor 152 . In this 
case, signal nyO is the logical complement of signal nxO, as 

10 described below. As can be seen, when control signal nxO (nyO) 
is asserted, reference voltage Vrefn is connected to the gate 
terminal of primary transistor 150 of current source 104 (108) , 
which turns on primary transistor 150 so as to conduct current. 
When control signal nxO (nyO) is de-asserted, negative voltage 

15 supply Vee is connected to the gate terminal of primary 
transistor 150 of current source 104 (108), which turns off 
primary transistor 150 so that no current flows. 

In the exemplary embodiment of the present invention, 
driver circuit 100 includes switching circuitry which is 

2 0 connected between positive voltage supply Vcc, write head 
terminals 42a and 42b, and negative voltage supply Vee. The 
switching circuitry may include switching transistors for 
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selectively connecting current sources 102, 104, 106 and 108 to 
write head 42 (during steady state conditions) , and for 
selectively connecting write head 42 to positive voltage supply 
Vcc and negative voltage supply Vee (during transitions between 
steady state conditions) . 

In particular, the switching circuitry may include first 
transistor 111 connected in parallel with current source 102, 
transistor 112 connected in parallel with current source 104, 
transistor 113 connected in parallel with current source 106 and 
transistor 114 connected in parallel with current source 108. 
Further, the switching circuitry may include transistor 116 
connected between current source 102 and write head terminal 
42a, and transistor 117 connected between current source 104 and 
write head terminal 42a. The phrase "connected in parallel" is 
used to refer to a transistor having its conduction (drain, 
source) terminals connected across another component. 
Transistor 118 is connected between current source 106 and write 
head terminal 42b and transistor 119 is connected between 
current source 108 and write head terminal 42b. 

Still further, the switching circuitry may include 
transistor 120 connected in parallel with transistor 116, 
transistor 121 connected in parallel with transistor 117, 
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transistor 122 connected in parallel with transistor 118 and 
transistor 123 connected in parallel with transistor 119. 
Although the transistors of the switching circuitry are shown in 
Figure 3 as n-channel transistors, it is understood that the 
5 transistors of the switching circuitry may be implemented 
differently, such as with different types of transistors. 

Driver circuit 100, in accordance with the exemplary 
embodiment of the present invention, includes timing circuitry 
125 which generates control signals for controlling the 
conductive state of the transistors of the switching circuitry 
and current sources 102, 104, 106 and 108 . Timing circuitry 125 
generates a distinct control signal for each transistor of the 
switching circuitry. In this way, write head 42 may be 
manipulated so as to relatively rapidly transition between 
15 steady state conditions without timing circuitry having to place 
relatively narrow pulsewidths on the generated control signals. 

In particular, timing circuitry 125 includes logic gates or 
other circuits (not shown) which will provide, at any one time, 
one or more current paths between positive voltage supply Vcc 
and write head 42, and between write head 42 and negative 
voltage supply Vee. The specific current paths provided depend 
upon the particular state of write head 42. Because each 
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transistor of the switching circuitry is independently 
controlled by timing circuitry 125, the switching circuitry may 
be relatively easily controlled to generate any of a wide 
variety of timing-based drive signals to write head 42. The 
control of the switching circuitry, and particularly the timing 
of the control signals thereto, to change the direction of 
current flow in write head 42 is described below. Timing 
circuitry 125 may include programmable or programmed elements, 
(not shown) to set the desired timing delays for the control 
signals generated by timing circuitry 125. 

It is noted that for the control signals generated by 
timing circuit 125, control signal pxO is the logical complement 
of control signal pyO; control signal pxl is the logical 
complement of control signal pyl; control signal px2 is the 
logical complement of control signal py2 ; control signal nxO is 
the logical complement of control signal nyO ; control signal nxl 
is the logical complement of control signal nyl; and control 
signal nx2 is the logical complement of control signal ny2 . 

Driver circuit 100 further includes resistive elements 130, 
131. A resistive element 130, 131 is connected between each 
write head terminal and a voltage reference, such as the ground 
reference. The single-ended output impedance of driver circuit 
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100 is approximately equal to the value of resistive elements 
130 and 131 . Each resistive element 130 , 131 may have a 
variable resistance to allow for the single-ended output 
impedances of driver circuit 100 to be adjusted to match the 
5 particular impedances of the lines connecting driver circuit 100 
and write head 42. 

An operation of driver circuit 100 will be described with 
reference to Figure 5. The operation described below involves 
applying drive signals to write head 42 so that current flowing 

10 through write head 42 changes from a first steady state to a 
second steady state. Initially, it is assumed that a steady 
state current flows through write head 42, from terminal 42a to 
terminal 42b. In this state, timing circuitry 125 controls the 
switching circuitry so that steady state current is sourced to 

15 terminal 42a from current source 102 (via transistors 116 and 
120) and sunk from terminal 42b from current source 108 (via 
transistors 119 and 123) . Control signals pxO, px2, nyO and ny2 
are driven by timing circuitry 125 to a high logic level to 
activate (i.e., turn on) transistors 120, 116, 123 and 119, 

2 0 respectively. Current sources 104 and 106 are deactivated by 
timing circuitry 125 . Transistors 112 and 113 are activated but 
do not contribute to current sourcing to or sinking from write 
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head 42. Transistors 118, 111, 122, 117, 121 and 114 are 
deactivated. The value of resistive elements 130 and 131 serve 
to set the output voltage levels for write head terminals 42a 
and 42b. Figure 6 shows, in highlighted form, the activated 
current paths through driver circuit 10 0 in this steady state 
condition . 

In the event a write operation is to occur that requires 
write head 42 to transition to the other steady state condition, 
timing circuitry 125 enables current paths to write head 42 to 
cause a current reversal at time Tl . Timing circuitry 125 
activates current sources 104 and 106 and deactivates current 
sources 102 and 108. Timing circuitry 125 also activates 
transistors 113, 122, 121 and 112. Transistors 111, 120, 118, 
123, 114 and 117 are turned off. Transistors 116 and 119 are 
activated but do not serve to source/sink current relative to 
write head 42. This state causes write head terminal 42b to be 
connected to positive voltage supply Vcc and write head terminal 
42a to be connected to negative voltage supply Vee . This 
results in a full or maximum voltage being applied across write 
head 42, which produces a rapid reversal of current through 
write head 42. At this time, resistive elements 130 and 131 may 
be disconnected from write head terminals 42a and 42b, 
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respectively, in order to prevent current flow. Timing 
circuitry 125 maintains the switching circuitry in this state 
until the current flowing through write head 42 reaches a 
predetermined overshoot current level that is greater in 
5 magnitude than the second steady state current level (i.e. , the 
destination steady state current level) . Figure 7 shows, in 
yrf highlighted form, the activated current paths in this first time 

,g period during which write head current transitions between the 

l§* two steady state current levels. 

t\. 10 Timing circuitry 125, previously programmed to switch 

J\ current paths at around the time the write head current reaches 

the overshoot current level, drives control signals at time T2 
Jf to temporarily reverse the drive signal voltages applied to 

1^ write head 42. In particular, timing circuitry 125 drives the 

15 control signals to activate transistors 111, 116, 119 and 114. 
Transistors 113, 120, 118, 117, 123 and 112 are turned off. 
Current sources 102 and 108 are turned off. Transistors 122 and 
121 and current sources 104 and 106 are turned on but do not 
source/sink current to/from write head 42. Resistive elements 
20 130 and 131 may be disconnected from write head terminals 42a 
and 42b, respectively, in order to prevent current flow. In 
this state, write head terminal 42a is connected to positive 
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voltage supply Vcc and write head terminal 42b to be connected 
to negative voltage supply Vee . This results in the full supply 
voltage applied to write head 42 to be reversed, relative to the 
state of write head 42 between times Tl and T2 . Driver circuit 
100 remains in this state for a programmed period of time 
corresponding to the time it takes for the write head current to 
reach a predetermined undershoot value that is less in magnitude 
than the destination steady state current level. Figure 8 
shows, in highlighted form, the activated current paths in this 
second time period during which write head current transitions 
between the two steady state current levels. 

At time T3 , timing circuitry 125 controls the switching 
circuitry so that write head 42 enters the second steady state 
condition. Timing circuitry 125 drives control signals so that 
current sources 104 and 106 sink current from and source current 
to write head 42, respectively. Specifically, timing circuitry 
activates transistors 118, 122, 121 and 117. Transistors 120, 
116, 119, 113, 112 and 123 and current sources 102 and 108 are 
turned off. Transistors 111 and 114 are turned on but do not 
contribute in sourcing/sinking current relative to write head 
42. In this second steady state, a steady state current level 
is sourced to write head terminal 42b from current source 106 
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(via transistors 118 and 122) and sunk from write head terminal 
42a (via transistors 117 and 121) . After time T3 , the write 
head current settles to the steady state current level. The 
values of resistive elements 130 and 131 set the output voltage 
levels for write head terminals 42a and 42b, respectively. 
Figure 9 shows, in highlighted form, the activated current paths 
in this steady state condition. 

It is understood that the write head 42 may be controlled 
by driver circuit 100 to cause the write head current to 
transition back to the original steady state current level using 
timing for the control signals similar to that described above. 

It is noted from Figure 4 that with respect to the timing 
for control signals px0-px3, nx0-nx3, py0-py3 and ny0-ny3, there 
is no relatively narrow pulsewidth generated, such as a 
pulsewidth starting at time Tl and ending at time T2 or starting 
at time T2 and ending at time T3 . In fact, the narrowest 
pulsewidth is the inverse or reciprocal of the data rate. By 
providing timing and switching circuitry having minimum 
pulsewidths of the inverse of the data rate, the internal speed 
of timing circuitry 125 and the switching circuitry may be 
increased so as to increase the speed at which write head 42 
transitions between steady states. 
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It is further noted that the drive signals applied to write 
head terminals 42a and 42b are substantially entirely 
differential, i.e. , the drive signals do not possess any common 
mode signals. Consequently, the capacitive coupling 

5 contribution of one drive signal to the read head 43 is 
substantially entirely offset by the capacitive coupling 
contribution of the other drive signal to the read head 43, 
thereby preventing an appreciable amount of noise on the read 
head 43 . 

10 The invention being thus described, it will be obvious that 

the same may be varied in many ways. Such variations are not to 
be regarded as a departure from the spirit and scope of the 
invention, and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope 

15 of the following claims. 
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